I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The prevalence of non-alcoholic fatty liver disease (NAFLD) has doubled during last 20 years and is the number one cause of liver disease in the western countries, but recent data confirm that NAFLD play an equally important role worldwide.\[[@ref1]\] NAFLD is diagnosed in clinical settings using ultrasound imaging as a liver biopsy is not practically feasible. In developing countries like India, affordability of ultrasound imaging modalities may be a crucial factor. Thus World Gastroenterology Organisation guidelines prescribe a hierarchical resource-sensitive approach.\[[@ref1]\] Aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT) and other markers of liver injury may be useful surrogate measures of NAFLD. NAFLD is closely related to insulin resistance, obesity, metabolic syndrome, and diabetes: Triggers for testing of liver enzymes and considering a diagnosis of NAFLD.\[[@ref1]\] We need novel cut-offs for liver enzymes as a qualifying criteria for patients to undergo ultrasonography for detection of NAFLD, but there is a paucity of data from Indian literature in this regard. We studied the profile of liver enzymes in NAFLD in patients with impaired glucose tolerance (IGT) and newly detected untreated type 2 diabetes mellitus (T2DM).

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This cross-sectional clinic-based study at a tertiary care teaching institute in eastern India, examined 152 IGT and 158 recently detected T2DM subjects aged between 30 and 69 years, never treated with any antihyperglycemic, antihypertensive, lipid lowering drugs. 160 age and gender matched controls (willing healthy spouse or unrelated attendants of patients) with normal glucose tolerance (NGT) were also selected.

Patients with osmotic symptoms, history of ketosis, weight loss of \>3 kg in preceding 3 months, microvascular complications, recent (\<1 year) MI, acute coronary syndrome, stroke, severe comorbid disease (cancer, renal failure), alcohol consumption, known liver disease, viral hepatitis, steatogenic medication, parenteral nutrition, ALT \>3 times normal were excluded. We obtained detailed patient history of alcohol consumption, the critical threshold being \<20 g/day in women, \<30 g/day in men, as there are presently no diagnostic test can reliably distinguish between ASH and NASH.\[[@ref1]\]

The criteria for definition of NAFLD requires that (a) there is evidence of hepatic steatosis, either by imaging or by histology and (b) there are no causes for secondary hepatic fat accumulation such as significant alcohol consumption, use of steatogenic medication or hereditary disorders.\[[@ref2]\]

Abdominal ultrasound scans are the most frequently used imaging tool for diagnosing NAFLD. Five point ultrasonographic criteria of diagnosis of fatty liver disease recommended by Dasharty\'s was used to diagnose NAFLD: (1) Increased hepatic brightness" or hyperechogenicity (He), (2) posterior attenuation of the right lobe (RLpA), (3) increased contrast between the right kidney and liver (HRC), (4) loss of visualization of right diaphragm and (5) diminished visibility of the intrahepatic vessels.\[[@ref3]\] However, ultrasonography may fail to detect mild steatosis, cannot distinguish between steatosis and NASH is vulnerable to inter- and intra-observer variability.\[[@ref4]\] In our study, conventional B-mode liver ultrasound was performed with a convex 3.5 MHz probe, by the same operator who was unaware of the aims of the study and blinded to laboratory values.

Anthropometric measurements included weight, height, waist circumferences (WC), body mass index (BMI). Fasting plasma glucose (FPG), insulin, lipid profile, liver function tests including liver enzymes, HBsAg, anti-HCV antibody, HEV Antibody, were analyzed.

Serum liver enzymes ALT, AST, GGT, ALP were estimated by modified IFCC method, and normal kit ranges were: ALT: 10--40 international units per liter (IU/L), AST: 10--35 IU/L, GGT: 5--30 IU/L, ALP: 80--290 IU/L. The study subjects with or without NAFLD were divided into groups according to different ALT and GGT tertiles \[[Table 1](#T1){ref-type="table"}\].
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Study subjects with or without NAFLD were divided into groups according to different ALT and GGT tertiles
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R[ESULTS]{.smallcaps} {#sec1-3}
=====================

In our study, 48.3% of the total study cohort had fatty liver while 51.7% had no fatty liver. 64% (*n* = 101) of the type 2 diabetes mellitus \[T2DM\]) subjects, 52% (*n* = 79) of the IGT subjects had fatty liver, while only 20% (*n* = 32) of the NGT (control) subjects had fatty liver. Subjects with NAFLD had significantly higher ALT, AST, GGT and AST: ALT ratio than subjects without NAFLD as determined by unpaired *t*-test \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of liver function test between fatty liver and no fatty liver cohort
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By Spearman correlation test, fatty liver was significantly (*P* \< 0.023) correlated with higher ALT and GGT. ALT, GGT had statistically significant correlation with fasting insulin, WC, waist height ratio, BMI, waist hip ratio, high density lipoprotein cholesterol (HDL-C), triglyceride and fasting blood glucose. The association was strongest for homeostatic model assessment insulin resistance (HOMA-IR) and QUICKI. The profile of liver enzymes in T2D, IGT and NGT with or without NAFLD is described in [Table 3](#T3){ref-type="table"}.
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Profile of liver enzymes in T2D, IGT and NGT with or without NAFLD
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Significant association was found between NAFLD status with both ALT and GGT groups based on tertiles. 57% of NAFLD patients had normal ALT between 25 and 40 U/L, 53% of NAFLD subjects had normal GGT between 15 and 30 U/L. The positive and negative predictivity for different cut-offs of ALT and GGT are displayed in [Table 4](#T4){ref-type="table"}. ALT \<25 U/L and GGT \<15 U/L had highest negative predictivity whereas ALT \>40 U/L and GGT \>30 U/L had highest positive predictivity for presence of NAFLD in our study sample.

###### 

Positive and negative predictivity for different cut-offs of ALT and GGT for presence of NAFLD
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Patients with NAFLD have increased liver-related and overall mortality commonly due to cardiovascular disease.\[[@ref1]\] NAFLD is a major global public health problem, but there is insufficient evidence to justify screening for NAFLD in the general population.\[[@ref1]\] Not all patients with risk factors will have NAFLD and not all patients with NAFLD will have standard risk factors. WGO global guidelines suggest that mortality from liver disease in general population is around 0.2%, with simple steatosis it is 0%, with NASH it is 1.6--6.8% and 10 year survival rate for simple steatosis are normal, for NASH 38% and for alcoholic steatohepatitis (ASH) 15%. While the simple steatosis seen in NAFLD does not correlate with increased short-term morbidity or mortality, progression to NASH dramatically increases the risks of cirrhosis, liver failure, and even hepatocellular carcinoma. While 10--20% of NAFLD can progress to NASH, only 0--4% progress to cirrhosis by 10--20 years. Although there is no definite way to know, which patient may progress to NASH from NAFLD, an abnormal ferritin level in the presence of normal transferrin saturation always hints to rule out NASH. Liver biopsy remains the gold standard for characterizing liver histology in NAFLD, but it is expensive and carries some morbidity and very rare mortality risk. Thus, it should be performed in those who would benefit the most from diagnostic, therapeutic guidance, and prognostic perspectives: Competing etiologies for hepatic steatosis; co-existing chronic liver diseases cannot be excluded; at risk for steatohepatitis and advanced fibrosis.\[[@ref1]\]

An ultrasonographic study of patients with T2DM showed a 69% prevalence of NAFLD.\[[@ref4]\] We have reported a high prevalence of NAFLD in T2DM (64%) and IGT (52%) similar to other studies.\[[@ref5]\] ALT, GGT, AST are markers of liver injury and may be useful surrogate measures of NAFLD. ALT is located in the hepatocellular cytosol, whereas AST is mostly within the mitochondria. In fact, NAFLD and NASH have been reported to be most common causes of chronically elevated liver enzymes and is often the tipping point for further diagnostic evaluation.\[[@ref6]\] A recent large UK study determined that NAFLD detected by USG, was the most common cause of abnormal liver biochemistry.\[[@ref7]\] In our study NAFLD was significantly associated higher ALT and GGT. Diabetic subjects with NAFLD had significantly higher ALT, AST, GGT and significantly lower AST: ALT ratio in comparison with diabetic subjects without NAFLD, but there was no significant difference in ALP levels. IGT and NGT study group with or without NAFLD had similar features except that there was no difference in ALT.

Loannou *et al.* demonstrated classical cardiovascular disease (CVD) risk (by Framingham risk score) with elevated ALT.\[[@ref8]\] The population-based Hoorn study showed that high normal ALT levels were associated with an increased 10-year risk of coronary heart disease independent of CVD risk factors indicating that ALT may be a useful marker in assessment of CVD risk in patients who may have NAFLD.\[[@ref9]\] Asian-Indian men may be genetically predisposed to develop hepatic steatosis, hepatic insulin resistance and T2DM at a lower BMI with greater central obesity than other ethnic groups suggesting significant ethnic differences in the pathogenesis of insulin resistance.\[[@ref10]\] A study showed that GGT and ALT even within the "normal" range, but not AST were significantly associated with BMI and WC, HOMA-IR, triglycerides, HDL-C, glucose even after further adjustment for BMI. In our study, ALT, GGT significant correlated with fasting insulin, WC, waist height ratio, BMI, waist-hip ratio, HDL-C, triglyceride, fasting blood glucose with the strongest association for HOMA-IR and QUICKI.

Previous studies based on liver enzymes screening consistently reported a lower prevalence of NAFLD (3--12%) than imaging or histology based studies.\[[@ref11]\] Normal levels of liver enzymes have been demonstrated in subjects with the entire spectrum of NAFLD, and therefore ALT, ST, GGT have not been very useful in predicting NAFLD.\[[@ref6]\] Current "normal" range of liver transaminases present in patients with NAFLD may, therefore, underestimate the presence of NAFLD. In our study, only 31% of our study subjects with NAFLD had ALT above laboratory normal limit of \>40 U/L, 57% of our study subjects with NAFLD had ALT between 25 and 40 U/L, whereas 67% of the subjects without NAFLD had ALT \<25 U/L, but 30% of non-NAFLD subjects had ALT between 25 and 40 U/L. Only 37% of our study subjects with NAFLD had GGT above laboratory normal limit of \>30 U/L, 53% of study cohorts with NAFLD had GGT between 15 and 30 U/L, while 65% of the subjects without NAFLD had GGT \<15 U/L, but 33% had GGT between 15 and 30 U/L.

WGO global guidelines suggest that in morbid obesity, diabetes and ALT/AST more than 27 IU/L are associated with high risk of progression to NASH. Prati *et al.* have proposed a new ALT upper limits of normal for healthy males and females to be 30 U/L and 19 U/L, respectively, to be diagnostically useful in NAFLD.\[[@ref12]\] Kunde *et al.* found a significant increase in biopsy-proven NAFLD with the application of the new standard.\[[@ref13]\] Mofrad *et al.* found that the entire histologic spectrum of NAFLD can be seen in individuals with normal ALT and diabetes was the only factor independently associated with increased risk of advanced fibrosis and normal ALT.\[[@ref14]\] The diagnostic value of a test is reflected by its predictivities. A screening test should have high negative predictivity whereas a confirmatory test should have high positive predictivity. In our study \[[Table 4](#T4){ref-type="table"}\], ALT \<25 U/L and GGT \<15 U/L was found to have a high negative predictivity of 84.81% and 86.66% respectively for NAFLD detection which supports the contention that ALT \<25 U/L and GGT \<15 U/L cut-offs can be accurately used to exclude NAFLD in this subset of patients. Routine ultrasound examination of the abdomen for the screening of hepatic steatosis in T2DM patients may not be feasible in common practice in most countries, so new hepatic enzymes standards may detect early stages of NAFLD and thus may be useful for early treatment and reduction of CVD and cirrhosis risk. WGO global guidelines suggest that metabolic syndrome, diabetes, elevated ALT and AST are independent predictors for progression and mortality in NAFLD\[[@ref1]\] In our study, ALT \>40 U/L and GGT \>30 U/L have high positive predictivity of 91.42% and 95.03% respectively suggesting patients having liver enzymes higher than these cut-offs could qualify for ultrasonography for detection of NAFLD in order to avoid unnecessary expenditure, especially in a developing country like India.

Limitations of the study {#sec2-1}
------------------------

This study is a cross-sectional study with a limited number of subjects, and we did not perform a liver biopsy. We need large-scale prospective studies to validate our observations.

Ultrasound is the usual screening test for fatty liver although it is insensitive, operator dependent and reliably diagnose NAFLD only if steatosis is \>33%. Even with MRI, results are variable and not well verified. Even MRI which is costly and less available, cannot distinguish steatosis and fibrosis or NASH/ASH or can stage the disease. MRI is also insensitive if there is \<33% steatosis. In fact without a liver biopsy, no imaging study can identify liver fat accurately if it is \<33% or distinguish NASH from ASH. Ultimately, NAFLD/NASH is a diagnosis of exclusion, and liver biopsy is required to confirm the diagnosis, stage the disease, rule out other liver diseases, and determine the need for and urgency of aggressive therapy. Although liver biopsy may indicate the severity of the disease, but only fibrosis, and not inflammation or necrosis, has been confirmed to predict the disease prognosis. Moreover, there are no adequate prospective, double-blind, controlled trials to provide the data necessary to create an evidence-based guidelines, and all NAFLD patients should first be treated with diet and exercise.\[[@ref1]\]

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Mild elevations of liver enzymes in the upper normal range are associated with features of metabolic syndrome and NAFLD even in IGT and recently detected T2DM patients, which should prompt clinicians to initiate further diagnostic work-up. Novel cut-offs for liver enzymes are warranted in order to prevent unnecessary diagnostic work-ups as well as early detection of NAFLD to reduce the risk of cirrhosis, hepatocellular carcinoma and CVD in T2DM and IGT patients.
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